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THE RELATION OF WIND DIRECTION TO SUBSEQUENT PRECIPITATION IN CENTRAL OHIO. 

By HOWARD H. MARTIN, Observer. 

(Dated Weather Bureau, Columbus, Ohio, Nov. 23,1910.) 

SYNOPSIS. 

It 21 the primruy p u p a e  of thk paper to ehow, by means of blde and 
gra h, the true esiating relation between the ohserved wind directwn 
masubsequent recipitation. To do thir, it is first necemry til estab- 
lish and conai& the probable frequency of precipitatim in the 
district that the apparent relations hetween the two phenonima may 
he reduced to the true relations. Hence, the paper is divided into two 
parts, the first treating the frequency fwtca, and the second c1e;iinS 
with the relation of the pre\siling Ilind direction to suL~eluent 
precipitation, and the app!ication of the frequeitq hotvr to determine 
the true prognostic value of the wind direction. 

ZNTRODIXTION. 

PART I. In the rich agricultural re ions of central 

over many adjacent districts, 3.2 &ys being the average 
interval between showers, this interval, of course, rarp- 
ing greatly with the seasons and being considerably less 
durin those periods when rain is most to be espectetl 

frequency. 

Ohio, rain falls with a frequency roba !i lp greater than 

and s 7 ightly greater during the months of minimum 

TABLE l .-Frfquenq of rui)y/ d a y  a i d  of dry m d  uvt s p l l s  of Iv ,kb?e 
length, in ceiitrd Ohio, 19119-191S, inclusitv. 

Ccmsermtlve days with 0.01 
inch or more rainfall per 
day: 

2 d S p  .................. 
adap .................. 
4days .................. 
6daysOrmOI-e ......... 

DRY PERIODS. 

Consecutive days without 
measurable rsiniall on 
my day: 

2 days .................. 
3- .................. 
4 d8p. ................. 
6 days .................. 
6 days .................. 
7dayscnmora ......... 

i I t  I I I I I I I I I  

Table 1 shows the actual fre uency of rainy days and 

under investi ation, 1909-19 18, inclusive. From these 

important facts related to the occurrence of precipitation. 
Rowever, to determine this frequency in a form applicable 
to meteorological relations, it is essential that the probable 
frequency m t h  which rain will occur within 15, 24, or 48 
hours after a given instant be computed. To do this, the 
formula- 

of wet and dry spells in centra ? Ohio, during the period 

data may be f educed the rainfall probability and ot3her 

Probability of rainfall within- 
12 houn=[R+12 ($ CA)+B+C+D+E)] /T .  
24 hom=[R+24 ($ (A+B)+O+D+El] /T .  
36 hours=[B+36 (3 (A+B+C)+D+E)]/T. 
48 hours = [R  + 48 (3 ( A  + B + C+ 0)  + E)]/T. 

eutrchen see. Hann S ~ ~ ~ $ h ~ J  I vol. Eng. 1, ed., p. p. I 61- For method Hellman’s of de tdn lng  “Nlederschlage value+ u1 o f $ m b a z  en N 
170 ffg. 

is employed. Here (R) is the t,ime in houis during which 
rain has fallen: (A), (B),  (01, (D), and ( E )  t,heiiumbers of 
dry periods according to lengt,h, 0 to 13 hours, 13 to  24 
hours, 84 to 36 hours, 36 to 48 hours and in escess of 
48 hours, respectirely; and (TI the, whole time, in hours, 
in the period studied. A full discussioil of t-his formula 
is to be found in an earlier number of the REVIEW.’ 
TABLE Z-Shoitiag the probable frpquen y of precipitation in.mba! Ohio, 

b u d  upon the rainjull records of C’olz~rnbus, 1909-1918, %?Lcllt8We. 

I , : i l I  

Table 2 set.s I0rt.h the results of computation from this 
forniuln, showing the proballility of rain within the given 
periods subsequent to tiny instant. 

Fro. 1.4howlng the prohbillty of preclpitatlon oceurrin withln 13, W, 36, fbnd 4Ehours 
3ftor any iven iustant. based on the records of raindl 3t Colmbus, Ohlo, for the 
period ld-1918, inclusive. 

Fig. 1 present,s graphicall the same data. The curves 

January= (Dec. +2 Jan. +Feb.)/4, and show that Janu- 
ary is the month of great,est rainfall probability while 
August and September are the months of least. The 

have, however, been smoot K ed by means of the formula, 

* Fog In Central Ohio and Its Relation to  S u k  uent Weather Chm es. Howsrd H. 
Mnrtin LI., W. B., July, lOlO,41: 471472. Sea &cussion by Dr. C. #. B d 8 .  
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26 
7 
9 
59 
46 
BO 
16 
12 

rapid decrease in probability from January to March 
and the rapid increase in the same value from September 
to December are es ecially to be noted. It is further 

or 45 hours after a given instant is generally high through- 
out the vear, sufficiently so t,o render it difficult indeed 
to establish true prognost.ic values for many studied 
phenomena, but unless this factor is aiven proper con- 
sideration, the apparent relations are%y no means the 
true relations. 
PART 11. That a positive relation e,.Eists between 

certain wind directions and subsequent precipitation is 

shown that the pro l! ability of rain occurrin-g wit.hin 24 

13 11 7 j 13 I 7 

19 31 31 ! 14 13 

60 34 68 I 42 54 
42 36 45 1 10 36 

10 13 9 18 9 

62 56 44 ' 22 39 

37 26 20 18 15 
26 18 10 1 9 8 

hQ. ).-Based  twiced daily oixervatlons of wind direetion, 7 a. xn. and 7 p. m. 

unquestioned, and a close study pf this relation in central 
O h 0  reveals some very interestmg points. Each direc- 
tion has, of course, its month or period of masimum 
frequency, which fig. 2 brings out very forcibly. For 
instance, it is to be noted that the north wind prevails 
more often from A ril to August than from November 

from November to February than during any other part 
of the year, while the northwest wind a t t a m  its maximum 
frequency in March and its minimum in August. The 
constancy of the southwest wind is also to be observed, 
as well as that of the southeast wind, both directions 
being noted frequently throughout thebear. 

to February and t % a t  the west wiud is more frequent. 

2; 
31 
38 
21 
32 
12 

TABLE %-Showing tlre number of times the wind mu obmed fm ult 
various directions at Columbus, Ohio, du&g the period 1909-1918, 
inclusive. Baaed on the trice daily obaervatiom, 7 a.  m. and 7 p .  m. 

! t  
44 
65 
44 
48 
42 
31 

North ..................... 
Northeast ................. 
E s t  ...................... 
Southeast ................. 
South ..................... 
Southwest ................. 
West ...................... 
Northwrst ................ 

Alldirrctions ....... ............... 

22 
21 
61 
70 
76 
55 
45 
23 

76 
65 
6s 
69 
ins 
T 
80 
67 

6n7 
13 

- 

- 
21 I8 
27 18 
35 25 
33 80 
58 63 
18 51 
2.4 18 
20 14 

91150133145l 600 

10 
33 
38 
80 

68 
31 

69 ! 7s 

6 9  
16 

:.I4 
85 
74 

3 3 8 0  
78 
58 

537 
676 

1,055 
1,105 
1.105 

I I I I I I I I I I I I I  __ 
Since t,he curves in fig. 3 were smoothed by means of 

the simple formula iven in Part I, a glance at Table 3 
will show t.he nctm k number of times t.he wind was ob- 
served from the various directZions at Columbus during 
the pei<od, 1 (JU!J-lPlS, inclusive. While the wind prevails 
froin the southwest throughout pndca l ly  the entire 
year, trhe variat,ions shown by the twice daily observs 
twns a.re unique. It is shown that! westerly winds prevail 
from November to March ant1 southerly mnds dunng the 
reniaining mont,hs of the year. 
T A ~ L E  J.---Shoic~i.rig the tiuribrr of t i i im thr obsend  wind direction irus 

Ohscrwtiorrs foI1orcrd by pre.?ipitutioir within 12, 2.1, niid 4.9 hours. 
0.1. CrhiLhiis, Ohio, 1909-1913, I'iLcliisive. 

RAIN WITHIN 12 HOURS. 

Wind blovlng I Jm, 
irom- - i 

North ......... 11 

East .......... I 6 
Southeast .....I 33 
South ......... I 28 
Southwest.. ... 36 west .......... 26 
Northwest.. .. 32 

Northeast. ._. _i 12 

RAIN WITHIN 24 HOURS. 

North. ........ 25 
Northeast.. -. . IS 
Fa-* 1 17 
1.1" ....... --., .. 1 

Southvast.. ... 5: 71 
South ......... 81 42 
bouthne~t ..... 48 I 39 
West .......... 42 23 
Northwest .... 3, 21 - 

North ......... 33 25 
Nnrthcast ..... 20 I 18 
East .......... 33 I 30 
South ......... 
Southwest.. .. 80 
west .......... 
Northwest.. .. 48 

18 
1: 

R l I N  WITHIN 48 

- 
Ict 
- 

6 
6 
4 
8 
10 
21 
16 
6 
- 

- 
12 
9 
14 
26 
46 
27 
34 
12 

_- 

a0 
15 
25 

57 
35 
44 
28 

53 

- 

- 
An- 
IUal . 

76 
85 
71 

286 
197 
197 
152 
114 

-- 

- 
159 
126 
248 
568 
575 
416 
320 
219 
- 

257 
a05 
398 
748 
822 
554 
542 
453 - 

A careful consideration of Table 4 will reveal the fact 
that the southeast wind is, in central Ohio, typically a 
rain wind, with the south wind of slightly less importance. 
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TABLE B.-Shmving the appurent prognostk walues of witad f h C t h i 3 , b - J  
wonths, in terms of percentage of possible, C'olumbm, Ohio, 1909-191& 
inclusire. 

HAIN WITHIN 12 HOURS. 

I North.. ....... 
Northeast ..... 
east..  ........ 
Southcast.. ... 
South.. ....... 
Southwest. .... 
West.. ........ 
Northwest. -. . 

I 

North.. ....... 
Northeast.. . ..I 
East .......... 1 
Southeast ..... 
South. ........ 
South\vest.. ... 
wast.. ........ 
Worthwest.. .. 

I I I : I I I I I I ' I  

RAIN WITHIN 48 HOVRS. 

North.. ...... .: 
Northeast ...... 
East.. ......... 
Southeast ...... 
South .......... 
Southwest .... 
West .......... ; 
Northwest.. .. , 

- 
40 
:in 
36 
52 
I 
44 
55 
31 

N- 
t 

Spring 

FIG 3 -Wind rosesfor Columbus, Ohio, based on 10 ears'record. IWB-1918 inclusive, 
&o\;inR the allparent relation between wind dlrectL and subsequent p&ipitatIon. 
Solld area indicates E-hour values; shaded, and open, &hour. . 
Since the actual number of times that precipitation 

follows an observed wind direction is not, in itself, indio 
ative of the forecast value of that direction, the apparent. 

percentage of prognostic value for each direction has 
been determined by dividin the total number of times 
rain has follow-ecl a given Sirection within 12, 24, and 
48 hours by the total number of times the wind has been 
observed from that direction. The results of this com- 
putation are shown in Table 5.  Wind roses from the 

n 

I 
I .p. . L. .:: : 

:.Lsner 

. .---....__-...--- 
FIO. 4. Shoring therelation of wind direction to preclpitation within 24 bours.in terms 

of the true (xrognmst ic valiies. Thrci.rclerepresents theprobohle,occurrence~~eoIpreei~it 8- 
tilln within 24 Jioiirr, aiid that Iwrlinn ofthe wind roseextendmg beyond thecircleis 
the true proflastir value for that direction. 

sanie data prescnt the comparative values in a manner 
niore cesilj- comprehended. Figure 3, showing wind- 
prccipit tition ~CJSCS, by seasons, indicates that during the 
wintcr months, December to February, inclusive, the 
rain winds for central Ohio are from the east and south- 
east to south; that for the spring months, March to May, 
inclusive, from the southeast and south, with a sli h t  
increase in the prognostic. value of the west wind; t a a t  
for the suninier, June to August, inclusive, the west wind 
increases rnpidly in prognostic value, and is the rain 
wind for the season, with east and southeast of secondary 
import.nnce : and that for autumnal months, September 
to Noveniber, inclusive, the south wind shows the 
highest value, with the west wind rapidly decreasing in 
importance as a rniiiy wind. 
the summer nioiiths, favorable to the building up of 
cumuli, which in turn, deve!op into thunderstorms, 
hence its importance as a ram-forecast factor during 
that season. Reference to Table 4 will show that 98 
per cent of the observed n-est.winds durin the month of 

48 hours, 
while &fay and June both show values well above 90 
per cent. 

The apparent relations of-wind direction to the occur- 
rence of subsequent precjpitation shown by fig. 3 can 
not be considered as scientifically accurate, since no 

The west wind is, durin 

June are followed by precipitation witiin 5 
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consideration has been given the probability of the 
occurrence of precipitation, regardless of wind direction. 
These percentages of probability have been computed 
for central Olio and by applying the formula 

where P is the apparent percentage of verification, . p  
the percentage possible by chance, as cleterniinetl 111 
prevlous tables, and F' the true prognostic value, the 

su' 
I 
I 

A 

I Winter 

FIG. S.-Shoaing therelation of wind directinn to precipitation within 48 hoursin terms 
of the true pro ostic values. The cirelr reyrewnts the probahle orcurrence of prrt 
cipitafion with% 48 Iioius, and that portim of the wind rose extending beyond the 
circle is the true prognostic value for thal direction. 

apparent relation may be shown reduced to the true 
prognostic values. This has been done, and is shown 
graphically in fig. 4, as applicable to the %-hour relation. 
In the case of ths gra h, the circle defines the probability 

in the true prognostic values of the several directions, 

representing a positive relation. Thus, i t  will be readily 
observed that in the winter, southeast winds are of great- 
est importance ? harbingers of rain, while in the s ring, 

of precipitation possi g le by cliancc, the wind-rose show- 

on 5 y that portion extending beyond the circle, however, 

the south wind is of predominating value. The r s ation 

between wind and precipitation during the summer and 
autumn is relatively small, and the west wind appears 
of increased value. 

A glance at  fig. 5 will reveal startling differences in 
the 24- and 4S-hour prognostic values. Here, as in fig. 
4, the southeast wind appears of greatest prognostic 
d u e  during the winter months but the east and south 
winds nre also of importance. During the spring, i t  is 
to he noted that the s0ut.h wind continues predominant, 
antl has increased in value approciqbly. During the 
spring also the west wind sho\vs the first positive rela- 
tion to subsequent rainfa.11. And during the summer 
months, it  has attained the position of being the rainy 
wind of the season, showing a high positive value. The 
winds east to south have also increased in value and 
may be consiclered favorable inclicabions of coming 
showers. In the autumn, tliere is indicated but a slight 
relation of tlie sout,li wind t.o approaching rain, all other 
direc.t,ions being of no importanre whatever. 

The vnlue of establishing this relation between the 
sereral mind directions and n.pproac.hing weather clianges 
is apparent. Quit,e frequently indications point to show- 
ers, >-et with the wind in a dry quarter, the presence of 
clouds antl wen of falling I>aromrter ran not always be 
considered faithful prognostics. It inay be stated here 
that. tho writer has ileterininetl further t,lia.t the south 
wind. ohserved a t  night during bhe aut,umn months, 
was follomd 94 per cent of t.lie times obserred by pre- 
cipitat,ion before the following night, but that the obser- 
vation of t,his wind in the morning was follo~wd by rain 
within 2.2 hours oiily u on 1.0 er cent of the times noted. 
It was also determine( P f  that t e sout,heast wind observed 
n t  night was the most favorable rain indication during 
bot,h the winter and s ring months, but that tlie west 
wind a t  night during t, f le summer was followed by rain 
within 24 hours SS percent of t.he times observed and 
within 4s hours 97 er cent of such times. Further, it  is 

thereafter is, in cent,ral Ohio a t  least, of greatest value to 
subsequent rainfall, and that in the morning is of secon- 
dary importance. In other words, the presence of a 
wind from a direction shown in figs. 4 or 5 to be a rain- 
wind will, if observed a t  sunset, he followed by precipita- 
tion with n far greater degree of certainty than the same 
wild directmion ohserved in the morning. Manx tinies 
t.hhc s.outmhc.nst miid a t  night precedes a cloudy morning, 
1sit.h t,lm wind in t,he south or southwest, and with re- 

t.hc southeast win i of the morning precede rain by less 
than 34 hours. 

The writ.er believes trhat the direction of t.he surface 
w-ind, if studied carefullj-, will reveal many peculiarities 
in itself, which, in turn, will be of.t,he greatest value to 
local forecasting. As before stated, there can exist no 
doubt but that a positive relation exists between certain 
surface wind directions and subsequent rainfall, and with 
the data a t  hand, study can but rove of incalculable value 

believed that t.he re r ation of the wind at  sunset or shortly 

cipit,:Ltion followin within a few hours, but rarely s oes 

in the determination of this re P ation. 


